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Audit of parenteral nutrition: standard 
parenteral nutrition regimens - feast  
or famine?
C. Gavri,1 S.M. Robertson,2 R. McKee3 
A B S T R A C T
BACkgRound: Adequate nutrition of patients at a surgical unit is of great importance 
since both over- and undernutrition can lead to serious morbidity and even mortality. 
Surgical patients are frequently unable to meet nutritional needs by the enteral route 
and the use of SPN regimens is a common practice. Compared with patient-specific 
prescriptions, SPN solutions require fewer nutritional calculations, are less expensive, 
more convenient and offer greater biochemical stability. However, the accuracy and 
consistency with which these regimens meet patients’ nutritional requirements remain 
unclear and are undefined in the literature. To examine whether patients at a surgical 
unit are adequately fed with SPN regimens, 13 surgical patients were prospectively fol-
lowed-up and a comparison was made between the nutrients prescribed with the SPN 
solutions and the nutrients calculated individually for each patient.
MATeRiAl And MeThodS: The exact amounts of macronutrients calculated and pre-
scribed with the SPN regimens were collected. To calculate individualised nutritional 
requirement the Schofield equation was used with adjustment for activity and stress. 
Elia’s recommendation was used for protein requirements. Fat/carbohydrate calories 
were calculated. Anthropometry was used to estimate patients’ nutritional status. Pre-
scribed and calculated energy, nitrogen, fat and carbohydrate were compared using 
Wilcoxon signed rank tests. Spearman’s rho correlations were calculated.
ReSulTS: Statistically significant difference was found between fat (sig.=0,001), car-
bohydrate (sig.=0,05) and energy (sig.=0,03) provided by SPN regimens and the ones 
calculated. No statistically significant difference was found between delivered and 
calculated nitrogen.
ConCluSionS: For short-term feeding, the potential benefits of SPN regimens may 
outweigh the risks associated with carbohydrate deficit and fat and energy excess. 
However, for longer-term feeding these risks may become clinically significant. Some 
improvement of the quality of feeding can be established by calculating nutritional re-
quirements and by assessing the patients’ nutritional status before commencing PN.
i n T R o d u C T i o n
The field of nutritional support has grown rapidly since the introduction of par-
enteral nutrition (PN) in the late 1960s [1]. PN refers to intravenous feeding and is 
required when the intestine is unavailable or unable to absorb or digest an adequate 
supply of nutrients on a temporary or permanent basis [2]. It is used for significant 
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numbers of surgical patients and patients with intestinal dis-
ease to prevent, or correct malnutrition when this cannot be 
achieved by oral or enteral feeding [2].
The complexity and invasive nature of PN predisposes to 
both over and under use in hospitalized patients, and places 
patients at risk for a number of serious complications, such 
as infection of the line, septicaemia, thrombophlebitis and 
metabolic complications [1,3].
To deal with these complex problems the provision of 
PN should be a careful scheduled, step-by-step procedure. 
The cooperation of a number of disciplines such as those of 
dieticians, nurses, pharmacists, and clinicians, is required in 
PN planning and provision [3]. A careful clinical, functional, 
nutritional and metabolic assessment of the patient before 
commencing PN is considered necessary. The nutrient pre-
scription should reflect the estimated nutritional requirement 
and the patient’s clinical condition [2].
However, it seems that a detailed nutritional and metabolic 
assessment of the patient is not always practiced on clinical 
grounds. One reason for this is the concept that most patients 
can be managed with a range of standardized regimens, con-
taining balanced amounts of amino acids, carbohydrates, and 
lipids, together with appropriate quantities of electrolytes, 
trace elements, vitamins, and water [2].
Patients in some disease states may have significantly 
altered requirements. It is also worth remembering that the 
amounts of nutrients delivered in each nutrition bag are de-
signed to meet estimated daily needs of healthy persons [2]. 
Patients with initial depletion or those who require less nu-
trients are at risk of malnutrition or overfeeding respectively, 
both associated with dangerous complications [2,4].
The current study is a pilot observational study in a small 
prospective series of patients, which compares the nutrition 
delivered to patients by standard PN (SPN) solutions with the 
individually calculated nutrient needs. The study addresses 
the following questions: do SPN regimens expose patients 
to a parenteral feast, a parenteral famine or do they provide 
an adequate sufficiency? How important and realistic is the 
calculation of the patients’ requirements before the provision 
of PN? Is a detailed nutritional and metabolic assessment of 
the patients justified in clinical practice? 
M A T e R i A l  A n d  M e T h o d S
The studied population consisted of 13 consecutive surgi-
cal patients (3 males, 10 females) all requiring in-patient total 
parenteral nutrition (TPN) between June 2001 and January 
2002 in a large inner-city hospital in Glasgow, Scotland. 
Written informed consent was obtained from all participants. 
Invasive methods were not used in the study.
Anthopometric, dietetic, clinical and laboratory assess-
ments were performed in order to calculate each patient’s 
nutritional requirements. 
Anthropometry consisted of triceps fold thickness (TSF), 
mid-arm circumference (MAC), height and weight measure-
ments. TSF and MAC were measured three times by the 
same clinician and with the same instrument using standard 
methods and a mean value was calculated. TSF was measured 
to the nearest 0.2mm with a Holtain skinfold caliper (Holtain 
LTD, Crymych, uK) and MAC was measured with a tape mea-
sure (Nestle, Clinutren). Weight and height were measured 
on a Seca standing scale (Vogel and Halke, Germany) by the 
nurses, and values were collected from the medical notes. 
Due to the fact that some patients were unwell and unable to 
stand at the time of measurements, bedside anthropometry 
was used in all patients. Anthropometry was performed in a 
supine position and in the left arm for all the patients, by the 
use of the methods described for elderly in the report of WHO 
Expert Committee [5].
Further anthropometric calculations were made. TSF 
and MAC were converted to mid arm muscle circumference 
(MAMC) as below [6]:
MAMC (cm) = MAC (cm) - 3.14 x TSF (cm)
Furthermore, a body mass index (BMI) was calculated by 
the use of the patient’s weight and height as follows:
BMI (kg/m²) = weight (kg)/height (m)²
Patients were categorized in grades of thinness or over-
weight in terms of BMI according to the Report of the WHO 
Expert Committee [5].
They were also classified in percentiles in terms of BMI, 
MAC, TSF, MAMC, and weight. The elderly patients were 
classified according to the two existing reference data on 
elderly British population [7,8]. The remaining patients were 
classified according to the reference data of Bishop et al [6]. 
Conclusions were drawn in terms of fat stores and protein 
(Pr) status.
Eventually, patients were categorised as at risk of deple-
tion (anthropometric values 5-15th centile), or as depleted 
(anthropometric values <5th centile) [9].
A form of the “four question approach” was also used as a 
simple screening tool [10]. Patients were asked to recall their 
usual weight and height, and to report whether they feel that 
they have unintentionally lost weight recently, and how they 
feel in their present weight. Where possible, weight loss or gain 
in the previous 3, at least, months expressed as a percentage 
of initial weight, was taken.
Data including intestinal and absorptional capacity, fe-
ver, recent major surgery, oedema, drugs that influence the 
nutritional status, sepsis, organ failure and the presence of 
metabolic, and organ disorders, were recorded.
urinary urea was used to estimate patients’ nitrogen (N) 
balance. Calculation of N balance was based on 24 hours urine 
urea collection and 24 hours Pr intake as below:
N balance = N input – N output
N input = 24 hour Pr intake/6.25
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N output = [urinary urea (mmol/24 hours) x 0.033] + obliga-
tory losses
Obligatory losses: approximately 4g N/d (hair, skin, faeces)
If N balance was >5g/day the patient was considered to 
be in positive balance [11].
The calculation of nutrients requirements was performed 
using the same nutritional principles and equations for all 
patients. Specific dietary recommendations were followed for 
specific disease states, where applicable. In order to maintain 
or restore lean body mass, macronutrients were provided as 
nitrogen and non-protein energy substrates [12].
Non-Pr energy requirement was calculated by estimating 
the basal metabolic rate (BMR) with adjustment for systemic 
illness and mobility according to a standardised method [13]. 
Patients’ clinical status was taken into consideration. Activ-
ity, metabolic and stress factors were defined for each patient 
[14].
The N requirements were estimated by the use of the 
method described by Elia, 1990 [14]. Patients were categorized 
as metabolically normal, hypermetabolic and depleted, their 
metabolic factor was defined, and were prescribed with the 
appropriate amount of daily N [14]. Patients with renal failure 
were given 0.55-0.60g Pr/kg/d [15]. The N balance, when avail-
able, was taken into consideration. A non-Pr energy to N ratio 
of 110-150/1 was aimed. The Pr requirements were estimated 
by multiplying N by 6.25 [9,16].
The non-Pr energy was then distributed to glucose and fat. 
A percentage of 40% fat and 60% glucose were prescribed 
to patients with central PN. Patients with peripheral PN were 
given 50% fat and 50% glucose in order to succeed lower 
solution osmolarity, and to avoid inflammation and throm-
bosis of the veins. Patients with respiratory disorders were 
prescribed 60% fat and 40% glucose, for preventing further 
respiratory distress [17]. Glucose and fat were then converted 
to calories and then to grams by dividing the calories by 3.4 
and 9 respectively.
To avoid or minimize adverse metabolic effects the daily 
dose of fat and carbohydrate was restricted to the current 
recommendations: fat should not exceed 2.5g/kg/d and carbo-
hydrates should not exceed 6g/kg/d [18]. Moreover, patients’ 
current weights were used for all the calculations with the 
exception of overweight patients with BMI >25kg/m2. Over-
calculation of nutrients due to excessive fat mass was avoided 
by finding and using their maximum desired weight in order to 
achieve a BMI of 24.99kg/m2. All calculations were presented 
to the first decimal.
A calculation of the individual micronutrient requirements 
was not attempted. The reason for this is that laboratory tests 
in injured patients lack sensitivity and specificity, and this 
situation is being made worse as a result of the acute-phase 
response [19].
Moreover, the optimal levels of trace element and vitamin 
requirements of injured patients have not been defined. They 
depend on a complex interaction of the status of the patient at 
the time of admission, ongoing losses and the potential benefit 
of supplying large amounts of individual micronutrients 
The amount of energy, nitrogen, fat and carbohydrate de-
livered to each patient by the prescribed SPN regime (Kabimix 
9 or Kabimix 14) for two consecutive days was recorded. 
S T A T i S T i C A l  C o n S i d e R A T i o n S
Paired differences between calculated requirements 
and prescribed nutrients were estimated by the Wilcoxon 
Signed Rank Test. The Spearman’s rho correlations between 
the administered and calculated amounts of nutrients were 
calculated. All analyses were performed with SPSS v.13-1. A p-
value below 0.05 was considered as statistically significant.
R e S u l T S
There was a wide range of primary diagnoses including 
ischaemic gut, cholangiocarcinoma, high output stoma, small 
bowel perforation, leaking anastomosis, chronic intestinal 
failure, ileus, pharyngeal pouch and small bowel fistulas. 
Other than a requirement for parenteral feeding, the patient 
group was unselected. All patients were on a SPN regimen 
for at least two consecutive days and they were on the final 
nutrition regime. Two patients had TPN via peripheral line 
and 11 via central feeding line.
The raw demographic, anthopometric, clinical and bio-
chemical data are shown in Table 1. The differences between 
calculated and prescribed lipid, carbohydrate, nitrogen and 
energy are shown in Table 2. The data median and range for 
each nutritional parameter are presented in Table 3.
We found statistically significant difference between 
the fat (sig.=0,001), carbohydrate (sig.=0,05) and energy 
(sig.=0,03) provided with Kabimix regimens and the ones 
calculated (Figures 1, 2, 3). 
All patients received excessive amount of fat. Insufficient 
carbohydrate was prescribed to 9 of 13 patients. An excess 
amount of energy was prescribed in 11 of 13 patients. Seven 
patients received >50% excess fat and 2 patients >50% less 
carbohydrate than calculated. Four patients received >40% 
excess energy and 1 patient 49% less energy than calculated. 
No statistically significant difference was found between 
prescribed and calculated N (sig.=0,889). However, consider-
able differences were found between calculated and prescribed 
N for individual patients. Two patients received >40% more 
N and 1 patient 37% less N than calculated. (Figure 4) 
There was no statistically significant correlation between 
the calculated and prescribed amount of N (r= 0,454; sig.= 
0,119), carbohydrate (r= 0,085; sig.= 0,784) and energy (r= 
0,124; sig.= 0,687). No correlation was found between the 
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TABle 2. Calculated vs. prescribed nitrogen, fat, carbohydrate and energy
Patients 1 2 3 4 5 6 7 8 9 10 11 12 13
Nitrogen calculated (g) 13,1 8,0 15,6 8,6 11,5 12,8 14,4 13,6 8,7 9,9 11,5 9,3 9,2
Nitrogen prescribed (g) 13,5 9 13,5 9 9 13,5 9 13,5 9 13,5 9 9 13,5
Fat calculated (g) 67,1 52,9 94,7 61,8 69,7 65,7 101,9 67 64 91 95 105 101
Fat prescribed (g) 106 106 106 106 106 106 106 106 106 106 106 106 106
Carbohydrates calculated (g) 266,4 210 376 245,4 276,9 260,8 404,6 265 255 362 250 185 179
Carbohydrates prescribed (g) 300 150 300 150 150 300 150 300 150 150 150 150 300
Energy calculated (kcal) 1509,9 1189,9 2131,3 1390,4 1569,3 1478 2293 1501 1444 2054 1701 1575 1521
Energy prescribed (kcal) 2200 1600 2200 1600 1600 2200 1600 2200 1600 2200 1600 1600 2200
TABle 3. Data median and range
nutrients Median  
prescribed  
(range)
Median  
calculated  
(range)
Nitrogen (g) 9 (4,5) 11,5 (7,6)
Fat (g) 106 69,7 (52,1)
Carbohydrates (g) 150 (150) 260,8 (225,6)
Energy (kcal) 1600 (600) 1521 (1103,1)
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20,0
40,0
60,0
80,0
100,0
120,0
1 2 3 4 5 6 7 8 9 10 11 12 13
patients (1-13)
fa
t (
g)
Fat calculated (g) Fat prescribed (g)
TABle 1. Raw data.
Patients 1 2 3 4 5 6 7 8 9 10 11 12 13
Sex F F M F F F M F F F F F M
Age 54 64 44 67 57 66 53 78 56 42 46 70 65
Diagnosis CAC IG IG PERF SBF CAC ANST IG STMA CIF IL PP STMA
BMI (kg/m2) 24,7 19,2 34,2 21,9 37,4 34,6 26,6 16,3 22,1 19,1 23,3 13,8 19,8
MAC (cm) 26,0 24,0 34,0 24,0 30,0 32,5 29,0 21,5 21,2 18,5 27,3 15,3 22,3
TSF (cm) 1,5 1,1 1,4 1,0 2,2 3,2 1,2 0,7 0,5 0,9 1,2 0,7 11,1
MAMC (cm) 21,3 20,5 29,6 20,9 23,1 22,5 25,2 19,3 19,6 15,7 23,5 13,1 18,8
Malnourished No Yes No Yes No No No Yes No Probable No Yes Yes
Recent surgery Yes Yes Yes Yes Yes Yes Yes Yes No No Yes No No
Infection Yes No No Yes No Yes No Yes Yes No No No No
CRP 200 61 211 47 187 137 raised 20 40 9 200 raised Not known
M=male; F=female; IG = ischaemic gut, CAC = cholangiocarcinoma, STMA = high output stoma, PERF = bowel perforation, ANST = leaking 
anastomosis, CIF = chronic intestinal failure, IL = ileus, PP = pharyngeal pouch, SBF = small bowel fistulas; BMI=body mass index; MAC=mid-
arm circumference; TSF=triceps skinfold; MAMC=mid arm muscle circumference; CRP=C-reactive protein.
FiguRe 1. Calculated vs. prescribed fat.calculated and prescribed fat.
d i S C u S S i o n
This pilot, case series study demonstrated several points. 
Firstly, it was made clear that the nutritional requirements of 
the patients receiving PN vary greatly depending on age, sex, 
clinical status, body composition and mobility, and require 
several equations and calculations (Tables 2, 3).
Secondly, the calculation of required fluids, trace ele-
ments, vitamins, and electrolytes was attempted and found 
not to be possible. The biochemical results, were proven to 
be insensitive indicators of the patients’ micronutrient status, 
and their direct interpretation may have led to over or under 
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FiguRe 4. Calculated vs. prescribed nitrogen.
were categorized to them according to their roughly estimated 
nitrogen and energy needs. The use of only these two solutions 
did not permit prescription flexibility. It is interesting to note 
that all patients received the same amount of fat (106g).
Moreover, all patients studied were over- or underfed in 
respect to at least one of the four studied nutrients. Patients 
1, 2, 4, 6, 8 received >50% excess fat and >40%kcals excess 
energy than calculated. Patients 5 and 9 received >50% ex-
cess fat. Patient 7 received 63% less carbohydrates, 37% less 
N and 30% less energy than calculated. Patient 10 received 
36% more N and 59% less carbohydrates than calculated. 
Patient 13 received 45% more energy and 47% excess N than 
calculated. 
The small number of patients and the short period of fol-
low up in the study, did not permit the identification of any 
clinical significance of these findings. Whether complications 
such as fat overload or derangement of liver function would 
occur with longer term feeding using these SPN regimens 
is unknown. Furthermore, it would be difficult to identify 
over-prescription, e.g of.parenteral lipid, as the sole cause of 
liver function derangement because of the co-morbidity of 
this patients’ group.
No direct adverse effects were detected in the study group 
for the study period, but, within the context of longer-term 
feeding, complications of under-or overfeeding could be 
likely. 
The use of more than two SPN regimens, the inclusion of 
disease specific solutions, the standardization of the nutrition-
al calculations and nutrition assessment procedures for their 
quickest and simplest routine use, and the regular monitoring 
of the nutrients delivered through PN regimens in hospitals, 
could reduce the incidences of over-or under-nutrition. 
C o n C l u S i o n S
It seems that the use of SPN regimens is associated with a 
tendency to over- or under-prescribe nutrients. Our findings 
suggest that SPN regimens used did not meet accurately the 
requirements in fat, carbohydrate and energy. However, no 
complications of nutrients over-or under-feeding were appar-
ent in the study group and so the clinical significance of our 
findings remains unclear.
A larger study, randomising patients to receive either 
a SPN regimen or a patient-specific prescription would be 
in order. Specific complications of over and under-feeding 
should be looked for prospectively over a range of feeding 
times. Only then will it be clear whether SPN regimens meet 
nutritional requirements with sufficient accuracy and whether 
the advantages of these regimens i.e. cost, convenience and 
ease of prescription justify their widespread use.
FiguRe 2. Calculated vs. prescribed carbohydrate.
FiguRe 3. Calculated vs. prescribed energy.
estimations. Most of the patients had abdominal stomas and 
fistulae, and it was not possible to estimate the exact amount 
of electrolytes and fluids lost. Patients’ requirements of fluid 
and electrolytes change day by day and a close, daily monitor-
ing is required.
Thirdly, the provided amounts of energy and macronu-
trients were found to be standardized. Patients would receive 
only two kinds of solutions (Kabimix 9 and Kabimix 14), and 
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